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ABSTRACT

We propose a wire spzrk chamber experiment to measure the pion
electromagnetic radius accurate to 20.03f by measuring the scattering
cross section for 50--80 GeV pions from electrons in a liquid hydrogen
target. The data will distinguish between the p dominance prediction

of 0.64f and the "proton-like' radius to (0.81f,



II. PHYSICS JUSTIFICATION

The electromagnetic dimensions of the various particles are of
fundamental interest. The charge radius of both the pion and proton
arce prodicted te be 0.64f from rho- dominance, yet the proton radius
measured from electron-proton scattering is 0.81f. A measurement of
the pion radius is crucial in order to understand whether this differ-
ence is due to some peculiarity of the nucleon or to a brezkdown of

vector doming

e, In a larger scnse, this is one place where theory

has

(J‘

far out-stripped eapefzmcnt. The pion radius is onec of the fun-

)

damental numbers of physics and has inspired a wide variety of theoretical

1

redictions only leosely subjected teo experimental tes Many of these
pr i J P

predictions fail to differentiate between "proton-like" (U 81f) «
"rho-dominance' (0.64f) radii. Recent Sﬂcﬁul‘tj has suggested that
the plon vadiuvs nay b gven swaller 1f highor wass particles couple to

the photon. This experinent will differentiate dmong thessz values for

the radius by measuring ¢ross scections to a precision of one por cent.
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This accuracy distinguishes between the two ues of 0.64f and 0.81f
&

by six standerd deviations and rejects a point-like pion by about fif-

We will measure the ¢ross scction differential in the final state
electron energy. This is given in terms of the point.cross section by
dg N o £ 2
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where fﬁ is the pion fomm factor. Since the momentum transfer is small in



pi-e collisions, fﬂ

four momentum-transfer squared:

Direct pi-e
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Ihe most accurate co'nlﬂ*cd experiment

Dubna group led by E. Tsyganov is sche
aim is to measure the radius with 50 GeV/c w

chamber spectromcter. Even if the Serpukhov

added intensity and is pzovcd techniques of

provide a more accurate result with

Harvard led by Richard Wilson has proposed to do the

eann of about 25 GeV/c.

ast a factor of

the effect expocted in the cross sec

run at 25 GeV, the Serpukhov experiment at 50,

50 and 80 GeV. We use the previous equations,
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pion % deviation
beam range of accepted from the peint cross section
energy receil electron energy <r > = (,81f <r > = G.04f

80 GeV 40 -~ 64 GeV 23 -- 306 14,5 -~ 253

50 25 -~ 37.5 13,5--21.5 8.5 -~ 13.5
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4.7-~ 8.0 2.9 -~ 5.2

isolated the one-picn exchange

, . + . . e . .
diggram in 1  e¢lectroproduction and measursad 1ts contribution as a function
g P

of ¢ to extract <r >, They find <r > = 0.8£0.1f but the result is uncer-
tain theorctically because of the difficulty in estimating the contribution
, . 5 t .
of other terms to the cress section. Block et al.” use - - He elastic
ering to find the pion form factor via an interference effect. They
. -13 _ e - C s .
find <r > <1 x 10 "“cm. This method also suffers from significant uncer-
i

tainty due to the contribution of terms other than Coulomb scattering,
The third method is via colliding beams. These elegant experiments measure
the form factor in the time-like region so that a measurement of the foin-

factor in the space-like region provides an opportunity to test the ability
I & F 3 P

extrapolate to short distances. At the present time, if the electroproductiocon

. . ., 0 A
experiments are correct, this extrapolation fails  as can be seen in Fig. 1.

We choose 50 and 80 GeV to perform this experiment becausec

1 The effect in the cross section is larger than at lower energies,
. &
2) Backgrounds leading to systematic errors can be suppressed via

longitudinal momentum balance at these energies. This might not be
& &

possible at higher energics. 20.1% resolution in incoming and



cutgoing momenta pexmii balance to £120 MeV at 80 GeV, sufficie

to reject backgrounds in the final state from strong interaction

LS

33 Counting rates decrease with eneygy but are still more than adequate,

4)  Systematic effects in efficiencies are enecrgy independent and their

o

effect is less pronounced than at lower encrgies.

ram of the expervimental layout is shown in Fig. 2. The appavatus

is situated in the medium-encrgy high-resolution charged beam (MIEHR), A flux

of 3 x 107 charged is incident on a 50um liguid hydvogen target.
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vals defined by scintillation counters §, and S The particle noaenta

accepted by the apparatus ot 50 and 80 GeV/c¢ are shown below,

50 GeV/c 12,5 -~ GeV/e 25 - 37.5 GeV/e

80 GeV/c 16 -~ 40 GeV/c 40 -~ 64 GeV/ie

trigger by the anti-coincidence counter Al. Muon trig

means of a bank of anti-coincidence counters behind a steel wall,
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We wil

I

picns at 50 G=2V/c and with negotive pions at 80 GeV/e. Positive pion

will boe used to test for chevpo dependent systematic effects
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80 Go V/e data will detevinine enerpy depondeni systematic
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an incident v beam, a single s

1

ectromcter arm behind the magnet is
necessary,  In Figure 2, this consists of wive chambors SC 1-4, scin-

illation counteors $2 5, and the muion

~

telescope.  The magnet polarity is sci appropriately to bend nepative
charged partlcles inte this arn.  With an incident i the magne
pelawity is roversed such that nogatively chorged particles are bont

a couble arn spoots is used,  Tie ad
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requiring the field integral for the spectrometer mignet to bs 100 kga

peters,  The mementusm resolution is then given enproxivately by

jn
s
-t
1
[
)
.

L IS T (.045 p° o+ 31)

2 . . ey N2
vheve p” is in (GeV/c) ™.

ly

t

u

S

the original

8-



The momentum dependent term is based uvpon a 0.5 mn spavk resclution, the

nomentun independent teim comes from multiple scattering. The torms are

[ 78]

approximately equal at 25 GeV/c whewe the resolution is #0.1%. Multiple

scattering diminishes in dmportance at higher energies. At 50 GeV/c the
mementum balance éan bg done at a precision such that AEf = *50 MQV,

The horizontal aperture of the magnet should be 48" in oxder to
accept the wide momentum vange of the final state., A 10" gap is adequate
for a 10 msr acceptance in the verticsl dirzcticn. A hodoscope placed
at -the momentum s1it of the incident pion beanm will serve to define the
incident pion energy to *0.1% so that at 50 GeV/c, AEi = 50 MeV, The
longitudinal momentum balance willlbc 280 MeV at 50 CoV/e and 2120 MeV

at 80 GaV.

Event Rate

~

Qur estimates of

The Bhzbha cross section is given by

mr ' where E = encrgy of outgoin
dg e’ o 1 E g7 g
dE 2 E e and E dis its maximum
E i m

value
Electrons are accepted between 25 and 37.5 GeV for the 50 GeV case, thus
37.5
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For 100% geometric efficiency and a 50cm hydrogen target, the yield is

iy
Y = 1.4 x 1077 per incident pion

running tine are based on the following considerations.
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At 50 GeV we will wun the beam at 3 x 107 negative pions per pulse, the

pad <

event trigger rate being

T &
e

i
n

-0
1.4 x 10 7 x 3 x 10 4 per pulse
T - 1 + ) Vr. A T - 3 L B 6 Eoa]
Fhe v flux at 80 GeV will be lower, we expect only 10 per pulse. The
, + . de s .
50 GeV 7 beam contains €0% protons so we will limit its intensity to
6 . . . ; R
107 5 per pulse. Running time would be proportioned as follows:
50 hours checkout
40 hours (100,000 counts) 50 GeV #
60 hours ( 50,000 counts) 80 GeV

20,000 counts) 50 GeV

In order to accept 3 x 107 negative plons/pulse at 50 GeV/e we will
¢ proportional chambsrs to define the trajectories of the incident pion
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ing pi-¢ pair. The proportional chambers upstream of the
hydrogen target will also be used as beam counters., In the rear of the

magnet, wnere boeam leoading can be avoided and where an inscreased
oy 3 <

involved, magnetostrictive-wire chambers will be used.

bac}ﬂ rounds

We consider two casas at 50 GeV for the w ¢ detection

—~t

configuration cnly. The
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pair, the and

om this reazction has been cal-

culated by the Dubna group’ by assuming that the vield of secondaries
from incident pions is the same as that from incident protens., The very
small solid angle of the w-e process is greal importance in rejocting
these strong interactions backgrounds. The probability per ident
pion that the 7 and #° be preduced in the appropriate solid angle and
momentun interval is
P=P -+ Po
T T
. : L - o - .
where P o and P - are the scparate probabilitics for the v and w . Thoy
i § }
find the probability to bs
-3 : - . .
P =10 7 x 10 7 = 10 ~ per incident pion
The probability of conversion of a vy ray with an e energy in the triggerin
. "2 Y o 2 o 3 1 1 £ 1
range 1s 10 7, The anti-coincidence counter around the target should furthe
1,08 1 1 1 r~ ~ '”}\ s
reduce this background at least a factor of 10 © as estimzied by a Monte
. - o ety . 3 : 3 2 "() -
Carlo calculation pexformed at UCLA., The expected yleld is 10 7 x 10 © x
-1 - LK R, 1 -~ . ¥
10 = 10 7 per incident pien. Coplanarity and opening angle cuts reduce
- , s . . o a2 e s
this background in analysis by another factor of 10 7. With an event yield
-6 C e Ton el e
of 1.4 x 10 7, this background ratio is
-9 -2 =11
- 10 7 x 10 1o
= : £ e
Y 1.4 x 10
and is negligible., The expected trigger rate for this background in a beam
6 . .
of 3 x 10 pions is
. I R NN -3
T, =107 x 3 x 10 =3 x 1077 per pulse



Here one 1

Dubna group into

- g yi
for this reaction.

Considaring cou
anti-coincidence., Furthermore
momentum balance cuts reducs t

5 oare

‘cangdidate

B

I

The progren w

1=

[

EX
Tk
e h ]
Led a
mom

per

pevic

base

S an
sntum

incid

ad

nt pion

rmed a Monte Carlo calculstion

o

upo

I8

X

1

Thus on

ly fiv

48]




and for the trigger rate {we assume
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azbsolute cross

depend upon the details of the experiment snd we have not yet calculated

then precisely. In principle, they are, exactly calculable if

¥

resolution is well-known;g

rections using the notation
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The Landau loss for the particles in the target
momentwa balance is uncertain to = 50 MeV

5 = ok mere £ = 1072

L AL i

g = 25cm
= 0,005
AE = 50 eV

Radiative corrections have been estimated by Bar

There contributions, 61 is

contribution.
17
S, = < 4 g.“(:}»;..._j..,_%)_,
1 T atl

4

AT 50 GeV and maximwn momentum transfer, this t«

& =

] -0,55

is the elastic two-photon exchange

4

we dgnore its centributlion

for thi

T

where K is the photon energy and

is the radiator thickness

small because

Y

- o
al. and by Kahane.

the elastic onc-photon exchange

P

Since it is small,



The third contribution &3 is from diagrams with external photon lincs,

This correction depends on the experimental resolution, We approxiuste

this result by considering only those terms dependent upon momentun

resolution and by ignoring the angulayr messurements. Thoe resulting ex-

for our cxperimental conditions.

The total corwyecticn is

The uncertainty in the corroction ds
ledge of our experimental resolution and this will be studied in detail

in the course of the exporinent.

IV,  APPARATUS

The major componeris of the appavatus shown in Fig. 2 are as follows:
1) A liquid-hydrogen target 50cm long.
2)  An analyzing magnet with a field integral of 100 kgauss-meters.
3) S wbers and four strictive chanmbers,
4) izle

5) A muon wall for muon rejection.

&) Scintillation counters for triggering purposecs and for anti-
coincidence around the licuid-hydyogon tarvget.

7) A differential Chercnkov counter for tagging beam pions.



~14-

We will require that NAL supply the analyzing magnet, the liquid

-z,

hydrogen target, ifferential Cherenkov counter. The magnet

.

should be approximately five meters in length with a peak field of =20 K

s

The downstream limiting aperture should be 48" horizontally by 10"
vertically. It would be acceptable to breoak thé magnet into two separate
&gncf coﬁld be
reduced to about 8" x 24", The liquid hydrogen target should be 3cm in
diameter and 50cm long. It must have an accurately known density and
length,

We will supply our own on-line computation in the form of a Howlett-

Packard 21168 computer. lHowever, we would like to tie this into a

?‘n

layger computer for an edditional floatine-point facility if one is
i g

available, The apporatus requires no scanning facilities.

We will also require from NAL the fast elcctronics to form a trigger.

1 [ad

UCLA will supply the remuinder of the apparatus including the electronics

for the proporticnal chambers. They will have an active volume of 30c¢m
by 30cm, Since the downstresm chambers are large (Im x 2m), they will

be "conventional'l wire chambers with magnetostrictive readout. In order to

use them effectively the arsa of the incident pilon beam will be deadens
ALl cquipment will be ready in June, 1972, We will vequire of NAL

the usual supnort facilities involved in the setup and running of
PI , g

experiment,
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UNIVERSITY OF CALIFORNIA, LOS ANGELES

BERKELEY * DAVIS * IRVINE * LOS ANGELES * RIVERSIDE ¢ SAN DIEGO * SAN FRANCISCO SANTA BARBARA * SANTA CRUZ

DEPARTMENT OF PIHYSICS
LOS ANGELES, CALIFORNIA 90024

June 25, 1971

Dr. James Sanford
National Accelerator Lab
P.0. Box 500

Batavia, Illinois 60510

Dear Jim:

I am writing you with regard to our Proposal No. 71, pion-electron
scattering in light of our recent experience at Serpukhov. This
letter reaffirms the interest of the UCLA group in the experiment
at NAL and is notification that we would like to have our proposal
reconsidered at this time. A description of the experiment as we
_now envision it is included with this letter. Proposal 71 was
submitted before the Serpukhov collaboration was approved, and its
objectives have now been met, i.e. the Serpukhov experiment has
measured the pion radius., We now propose an experiment in an
unseparated 300 GeV beam in order to measure the curvature of the
pion form factor and simultaneously the kaon radius. The experiment
could be done as early as January 1972 but we prefer to do it in
summer 1972,

Two of our Dubna collaborators are included in the proposal even
though the status of such a collaboration is uncertain. We have
also discussed the question of a collaboration with John Poirier
and Gene Engles; these discussions are continuing.

Serpukhov Results

The features of the Serpukhov data relevant to the NAL schedule are
the following. .

1. At 50 GeV, the pion-electron signal is amazingly clean provided
that both the pion and electron are measured. Application of three
constraints (without electron identification) leaves only about a
0.25% strong interaction background. We conclude that the experiment
can easily be extended to higher energ%es.

2. We have taken 13,000 events with q“> 0.025 and 50,000 with q2>0.014,
In addition we have a final run in July. The statistical error on the
cross section is less than 1%; on the pion radius less than 5%. We
conclude that another experiment in the 50-100 GeV region will be only
a repetition of an experiment already completed.




June 25, 1971
Page 2

3. No K-e scatters were recorded, the maximum recoil electron energy
being below our 12 GeV cutoff.

The pion form-factor at NAL

We believe that the next experiment should be done using a beam of
order 300 GeV. In such an experiment, the radius will be accurately
measurgd by the low q2 events and the curvature of the form factor by
high q“ events. The attached proposal shows that differences in the
cross section at q2 = 0. 2(GeV/c) due to different models of the form
factors are of order 5%. In order to distinguish models even at this
high energy, a precise experiment is required. An experiment at

lower energy must be inordinately accurate in order to generate physics
not already known from the Serpukhov experiment.

The kaon form factors

In a 300 GeV experiment, recoil electrons would be accepted in the range
75 GeV - 225 GeV, Electrons from K-e scattering from 75 GeV to the
kinematic limit 167 GeV would be recorded. Kaon identification in the
beam would be used but the scattering angles alone are, in principle,
sufficient to distinguish between m-e and K-e scattering. Such an
experiment should measure the K radius accurate to about *10%.

Cross Section and Beam Intensity

It is interesting that the cross section as measured from 1/2 the
beam energy to the kinematic maximum varies slowly with beam energy.
It is 0.60 ubarns at 50 GeV and 0.22 ubarns at 300 GeV, Thus beam
intensities of order 10% and a magneto-strictive chamber experiment
give enough counts in a reasonable running time.

I hope these comments are of some use to you in determining which
particle-electron scattering investigations should be done at NAL.
As you can see, my personal biases are understandably strong.

Larre /2 z;/

Darrell Drickey

DDﬁjw
cc: W.K.H., Panofsky
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Appendix to Proposal 71

A measurement of the pion form-factor

June 1971

Abstract

The UCLA group is currently completing a pion-electron scattering
experiment at Serpukhov using 50 Gev 1~ beam. The objectives of
the Serpukhov expériment are the same as those of Proposal 71, iq
fact, proposal 71 was submitted before~;pp}ovaf.of the Serpukhov
experiment. We feel that the objectives of these two proposals
have been met, that is, the pion radius has been adequately measured
and any further low-energy eXperiment would be only a repetition.
Furthermore we find thatfr- e events can be rather easily separated
from strong interaction backgrounds. For these reasons we now pro-
pose an experiment at 300 Gev to measure the curvature in the pion
form factor and to measure thc kaon charge radius, using magneto-

strictive spark chambers in a beam of about 106 77~/ burst.



Serpukhov results

Our experiment at Serpukhov has directly lead to the changes in

Proposal 71 presented in this Appendix.

The relevant features of the Serpukhov experiment are as follows.
1. At 50 GeV the pion-electron signal is amazingly clean as can be
seen in Figure 1 provided that the scattering angles are well measured
(0.1 mr) and momenta adequately measured (& 2%). Figure 1 shows appli-
cation of 3 constraints to 17,145 raw events (pairs) taken without a
shower counter in the system. Application of cuts on coplanarity, long-
itudinal momentum, and transverse momentum to the data leave clean pi-e
events with an estimated 0.25% strong interaction background. Electron
identification should reduce this background by another factor of 50 to
100. In these data we successfully identif& the electron and pion by
scattering angle only. We conclude that an experiment that applies
three constraints to the data can be extended to energies much highef '

than 50 GeV.

2. In the Serpukhov experiment, we tave taken 13,000 events with

q? >.025 (GeV/c)2 and 50,000 with q2,> .014 (GeV/c)z. In additicn,

we have a final run during July, 1971. "These data wili give a statistical
error of less fhan 5% on. the pion rédius. We do not yet know our
systematic errors, but all indications are that they should also be of
order 5%. Thus a further experiment to measure only the radius does not
seem warranted unless we find some dramatically unexpected value for the

size of the pion.



3. The maximum recoil electron energy from K-e scattering was below

our 12 GeV cutoff so that no K-e scatters were recorded in the experiment.
4, All events were taken with a 77 beam; we can see no compelling reason

to use positive beams. In fact, the equipment can be smaller and thus

cheaper if the recoil pion and electron bend the same directicn.

Physics Justification

In the opinion of the UCLA group, the next experiment on pi-e
scattering should be done at very high energy with the intention of
measuring the form factor curvature. .Specifically we choose 300 GeV for the
the physics reasons outlined below and because of the apparent success of

the 50 GeV Serpukhov eXperiment.

The pion form factor, regardless of its "true" theoretical form can be
expanded phenomienologically

Focl vagtibg?

The coefficient a is related to the picn radius
2
<twr) =b6a

Note that a 20% measurement of _3, is a 10% measurement of the radius.
The coefficient B 1is related to the curvature. Table I lists the

values for a and _b from four models of the pion form-factor.



TABLE I

F(q2)=.1+aq2 + bgq
" model - a b
F = I 1.71 Gev-? 2.92 Gev'4
VoM 1+ 1 . .

vagFlnlte width)

1.45 - 2.07 Gev™?

(3.40 - 3.69) GeV~

4

! 1.71  Gev -4
Fdipole - [ 4 ?1 :_)1 . € 2,19 GeV
( ' /lmﬂ
F = ' 2.82 GeV ™ 5.92 Gev™?
roto.n- + 2 * .
P ' (t 7/.'?/)
2 4
Foom =1-4 9
4 .7
4
F,. =1-q + 3q
dlpole — RN
€2 € 4
F '__ 1- 2q + 3qg
Profon .71 .71)<
o0 .
F:M(Finite width) = 1 - gq° J‘ T F,(8)ds
b 77 . 2
‘7’/";1’ S
mr dym? s3

*
Integrals evaluated by Sakurai and Cho



We can estimate the effect in the cross section due to the coefficient .

b assuming that the low momentum transfer events accurately measure a.

2. 4.2
o =g F,° X 0; (1+bq )
AC” 4
= = %ba

At Serpukhov (qz = ,03) this term is 1.2% in the cross section if the
pion is proton-like. Conceivably, we can see a one standard deviation
effect due to b.

In order to differentiate models at this energy one must make a

more accurate measuvrement. At 200 GeV recoil electron energy

&z -

= .08 b .
The smallest difference in the models is about ab = 0.7 GeV“4 corresponding
to a 5.6% éffect in the cross section. Thus a 3C0GeV experiment comparable

in accuracy to the Serpukhov experiment can distinguish these models and make

a fundamentally new contribution to particle form factors,

The kaon form factor

A high energy experiment will also simultaneously measure the kaon
radius. The pion experiment would accept recoil electrons in the energy
range 75 GeV to 225 GeV but kaon-electron scattering is kinematically
limited to 167 GeV maximum recoil electrcn energy (q2 = 0.167). We estimate
that the kaon fadius can be measured to + 10% or better. Kaon identifi-
cation in the beam would be used althoﬁgh the measurement of scattering
angles alone is, in principle, sufficient to differentiate pi-e and K-e

scattering.



Experimental Details

Proposal 71 must be modified in some details for this higher
energy experiment. In particular we propose using magnetostrictive
chambers instead of proportional chambers (although some proportional
chambers will be used). The apparatues is shown in Figure 2 and has
been only slightly modified from the original Proposal 71, the major
differénce being the use of magnetostricti#e chambers and a’ smaller
-magnet. The position and incident angle of the 300 GeV beam is measured
in a block of 5 chambers upstream from the 50 cm liquid hydrogen target.
The scattering angles of the pion and electron are measured in a second
block of 7 spark chambers and then pass thrqﬁgh_a 30_cm X 40 cm.x 3.
analysing magnet. Bending anglés are measured in a Elock of chambers
plaCed behind the magnet. .Electruns and mtidns are identified by a shower
counter and muon filter respectively. The trigger consists of a beam par-
ticle, a pair as defined by proportional chambers PC1-4 after the target

and 434.

and two particles in the scintillators 52

Angular resolutions of £ 0.03 mr should be obtained and appear
more than adequate to remove strong interaction'backgrounds. Momentum
resolution will be worse than proposed in Proposal 71 because the 50 GeV
data suggest no need for precise resolution. .Thus the magnet can be made

much smaller and hence is less expensive.



A 300GeV unseparated beam is required; it is an advantage if it
also contains a significant number of muons or if a muon beam is also

available because the mu-e scatters provide a convenient normalization.

Magnet

We will require a magnet of dimension approximately 30 cm x 50 cm
x 3 m capable of a field of at least 18 Kg. We estimate the cost of
such a magnet as less than $50K although it is conceivable that two 18 D72
magnets could be modified to suit the experiment provided that they are

available.

Time Ready

The eiperimental equipfierit could be installed and the experiment
started as early as January 1972. We prefer to do the experiment in summer

1972.
Event Rate

The point cross section for pi-e scattering from 1/2 the beam energy
to the maximum kinematié limit is 0.645.5 in Proposal 71 (50 Gev). The
corresponding value at 300 Gev is 0.2244 . As a result the yield is

Y= 0.48x10"6
for a 50cm hydrogen target and 100% geometrié efficiency. Using a beam
intensity of 5x10° and 500 pulses per hour yields 125 events per hour
312}0.15). We expect in 300 hours 37,500 pi—e events 1?>0.15
115,000 pi-e events 7’2>o.1(GeV/c)2

10,000 k-e events ch>6". 075 (GeV/c)?2



These event rates are reduced somewhat by efficiencies, radiative
corrections and non-point-like behaviour but serve as a reasonable estimate.

It also appears poésible, if necessary, to use a target as long as Ilm.



APPARATUS REQUIREMENTS

UCLA NAL

Magnetostrictive wire chambers Liquid hydrogen target

Readout System 50 Kg-m magnet

HP 2100A Computer Fast electronics

Interface 300 GeV unseparated negative beam

.Scintillation and shower counters
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FIGURE 1

Distributions showing application of three

constraints to 17,145 raw events leading to 3852

n-e events,
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\PPENDIX 2 to Proposal 71

Location of Experiment
I. Site

The hadron beam, N-5, to the 15' bubble chamber, is a suitable
location for this experiment. The proposed position of the spectro-
meter is shown on Fig. 1. The spectrometer will extend downstream
from the center of enclosure 113 approximately 80 meters. This
arrangement requires that the two quadrupyle magnets in enclosure
115 be removed and that the downstream pair of dipole magnets in
enclosure 113 be moved upstream of the last string of quadrupoles.
These modifications allow the hydrogen target to be located 1.5
meters inside enclosure 113. The BM109 magnets for the spectrometer
will be located 25 meters downstream of the hydrogen target.

We emphasize that the proposed configuration 1is only one of
several configurations acceptable to us in this general area. In
particular, neutrino experts may object to having a large beam stop
in front of their apparatus; if so, it may be possible to locate
our beam stop behind the neutrino experiments. Another accepfable
beam line could be formed by turning off the magnets in Enclosure
109 , forming a new beam line parallel to the burm and locating pi-e
scattering between the 30" and 15' bubble chambers. = This solution
would require devising some scheme to permit the beam to exit from
the magnets in Enclosure 109. We feel that location of the experi-
ment in the 30" beam line is unacceptable since the total bend in

the pion beam is small,



II. Beam requirements

There are several ways in which the necessary 4 x 105 pions

can be obtained using an incident beam of 101! protons.

a)
b)

d)

Use the existing 30" target load

Use the by-pass magnets upstream of the target load to
deflect the beam around the load and target it in
enclosure 100.

Use the pions directly produced in the Cal Tech or muon
load and simply transport them to our set up.

It may be possible to use the proposed pulsed magnets

to run simultaneously with the neutrino beam load(horn).

In this mode a short high-current spill would be used
to produce neutrinos, the magnets would then be pulsed,
and a low current long spill would be sent down the by-

pass and targetted in enclosure 100.



III. Radiation Safety

The hadron safety requirements can be met with an iron beam dump
eight feet in diameter and ten feet long (or a heavy concrete dump with
dimensions two times larger), followed by six feet of concrete for
neutron shielding. The 104 muons will be multiple-scattered by this
dump; they can be bent down 8 mr by the spsctrometer magnet, or the
iron dump can be magnetized. In any case, the radiation problems due
to the beam do not seem serious.

In order to obtain 106 pions in the beam (a factor 2.5 higher
than was possible to use in the Serpukhov experiment), one needs to
target Nloll protons. If this is done in enclosure 100, some residual.
radiation problems will exist. Best estimates indicate that this will
be the upper limit tolerable in this area.

The availability of a DISC-counter or perhaps even threshold
counter in the hadron beam would allow us to collect 1000 kaon scatters
in 200 hours, measuring the kaon radius to about 15%, simultaneously
with the pi-e running. The long (&1000 meter) beam to this area makes
doing the k-e experiment less favorable than discussed in Appendix I

to proposal 71 although it is still feasible.
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